Characterization of the isozymes of pyruvate dehydrogenase phosphatase: implications for the regulation of pyruvate dehydrogenase activity.
The activity of mammalian pyruvate dehydrogenase complex (PDC) is regulated by a phosphorylation/dephosphorylation cycle. Dephosphorylation accompanied by activation is carried out by two genetically different isozymes of pyruvate dehydrogenase phosphatase, PDP1c and PDP2c. Here, we report data showing that PDP1c and PDP2c display marked biochemical differences. The activity of PDP1c strongly depends upon the simultaneous presence of calcium ions and the E2 component of PDC. In contrast, the activity of PDP2c displays little, if any, dependence upon either calcium ions or E2. Furthermore, PDP2c does not appreciably bind to PDC under the conditions when PDP1c exists predominantly in the PDC-bound state. The stimulatory effect of E2 on PDP1c can be partially mimicked by a monomeric construct consisting of the inner lipoyl-bearing domain and the E1-binding domain of E2 component. This strongly suggests that the E2-mediated activation of PDP1c largely reflects the effects of co-localization and mutual orientation of PDP1c and E1 component facilitated by their binding to E2. Both PDP1c and PDP2c can efficiently dephosphorylate all three phosphorylation sites located on the alpha chain of the E1 component. For PDC phosphorylated at a single site, the relative rates of dephosphorylation of individual sites are: 2>site 3>site 1. Phosphorylation of sites 2 or 3 in addition to site 1 does not have a significant effect on the rates of dephosphorylation of individual sites by PDP1c, suggesting a random mechanism of dephosphorylation. In contrast, there is a significant decrease in the overall rate of dephosphorylation of pyruvate dehydrogenase by PDP2c under these conditions. This indicates that the mechanism of dephosphorylation of PDC phosphorylated at multiple sites by PDP2c is not purely random. These marked differences in the site-specificity displayed by PDP1c and PDP2c should be particularly important under conditions such as starvation and diabetes, which are associated with a great increase in phosphorylation of sites 2 and 3 of pyruvate dehydrogenase.